Key Summary Points {#FPar1}
==================

**Why carry out this study?**Pediatric uveitis is a significant cause of ocular morbidity that can result in permanent visual loss.Pediatric uveitis and the use of steroids can lead to cataract development.The hypothesis of this study was that there may be differences in how uveitis ophthalmologists and pediatric ophthalmologists treat uveitic pediatric cataract removal and IOL placement.**What was learned from the study?**Pediatric ophthalmologists and uveitis ophthalmologists have similar approaches to the management of pediatric IOL insertion, but several differences remain between these subspecialties.When considering chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitis, uveitis ophthalmologists were less likely than pediatric ophthalmologists to respond that any of these conditions were contraindications for IOL implantation after cataract removal.Continued collaboration between these subspecialties would be helpful to better develop consistent criteria to improve patient care.

Introduction {#Sec1}
============

Pediatric uveitis is a significant cause of ocular morbidity with severe complications that can potentially result in permanent visual loss. Both pediatric uveitis and the use of steroids to treat inflammatory disease can lead to cataract development, which is seen in up to 70% of pediatric patients with chronic uveitis \[[@CR1], [@CR2]\]. For these patients, cataract surgery may be accompanied by increased inflammation. Several studies have shown that perioperative control of uveitis results in improved visual acuity \[[@CR1], [@CR3]--[@CR8]\]; however, primary intraocular lens (IOL) insertion in cases of pediatric uveitic cataract is still controversial \[[@CR4], [@CR5], [@CR7]--[@CR9]\].

Pediatric uveitis can be treated by uveitis ophthalmologists or pediatric ophthalmologists. It is recognized that there are differences between specialties in the management of conditions \[[@CR10]--[@CR16]\], so we hypothesized that there may be differences in how uveitis ophthalmologists and pediatric ophthalmologists treat uveitic pediatric cataract removal and IOL placement. To explore this hypothesis, we created an online survey to assess the management strategies of uveitis ophthalmologists and pediatric ophthalmologists.

Methods {#Sec2}
=======

This study was approved by the Colorado Multiple Institution Review Board (COMIRB 19-0403) and conformed to the requirements of the United States Health Insurance Portability and Privacy Act. It conformed with the Helsinki Declaration of 1964, as revised in 2013, concerning human and animal rights, and Springer's policy concerning informed consent was followed. We developed an online survey to poll the responses of uveitis ophthalmologists and pediatric ophthalmologists to hypothetical vignettes of pediatric uveitis patients with cataracts (Fig. S1 in the Electronic supplementary material, ESM). American Uveitis Society (AUS) members who were participants in the AUS discussion board and American Association for Pediatric Ophthalmology and Strabismus members were surveyed. Respondents were asked to identify as pediatric ophthalmologists or uveitis ophthalmologists in addition to reporting their number of years and region of medical practice. This survey included a series of questions regarding the treatment of chronic juvenile idiopathic arthritis (JIA)-associated iridocyclitis, pars planitis, and recurrent acute anterior uveitis. These questions queried if the type of uveitis is a contraindication for primary IOL implantation, the minimum amount of time of quiescent inflammation before it is appropriate to proceed with cataract extraction and IOL insertion, the minimum age at which cataract extraction and IOL insertion is appropriate, whether the posterior capsule should be primarily opened or left untouched, and if an anterior vitrectomy should be performed at the time of cataract surgery. Participants were also asked about the management of a patient with quiet uveitis who was aphakic from previous surgery and contact lens intolerant. Additional questions explored responses to whether the etiology of uveitis is important for cataract extraction with IOL insertion, which type of IOL was best, if the capsular bag or sulcus was a better location for primary IOL placement in pediatric patients with uveitis, the preoperative visual acuity that is required for cataract extraction with IOL insertion, and if implantation of IOL simultaneously with lens removal was preferable to postponing the implantation of IOL until after cataract removal. Respondents were asked if unilateral or bilateral uveitis affected IOL implantation, if the presence of amblyopia is a contraindication for IOL implantation, and about the modalities they used to control inflammation perioperatively.

We used Research Electronic Data Capture (REDCap) to distribute a link to the questionnaire. Two attempts were made to reach 277 members of the American Uveitis Society email discussion board and 923 pediatric ophthalmologists via the American Association of Pediatric Ophthalmology Listserv. Data were collected voluntarily and anonymously from April 7 through April 30, 2019.

Descriptive statistics included percentages for categorical variables. Potential differences between pediatric ophthalmologists and uveitis ophthalmologists were compared, as were physicians with less than 20 years of experience versus those with 20 or more years of experience, using chi-square testing or Fisher's exact testing. *p* values less than 0.05 were considered statistically significant. All analyses were performed using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA).

Results {#Sec3}
=======

A total of 109 physicians responded to the survey questions, including 62/277 (22% response rate) uveitis ophthalmologists and 47/923 (5% response rate) pediatric ophthalmologists. Physician years of experience and the region of practice did not differ significantly between the pediatric and uveitis ophthalmologists (*p  *= 0.325 and *p  *= 0.754, respectively). Various regions of the United States were well represented in this survey, and 21% of the respondents indicated that they practice medicine outside of the United States.

A majority of the respondents reported that uveitis was not a contraindication for primary IOL implantation (Table [1](#Tab1){ref-type="table"}). The responses were not statistically different when asked if chronic JIA-associated iridocyclitis or recurrent acute anterior uveitis was a contraindication for primary IOL implantation (*p  *= 0.496 and *p  *= 0.155, respectively). Subspecialties differed significantly (*p  *= 0.003) in their choices for the treatment of pars planitis, with 100% of the uveitis ophthalmologists responding that pars planitis was not a contraindication for primary IOL implantation, compared to 85.1% of pediatric ophthalmologists. Overall, uveitis ophthalmologists were less likely to respond that any of the three inflammatory diseases were a contraindication for primary IOL insertion in pediatric cases with control of intraocular inflammation (*p * = 0.053).Table 1Survey responses regarding the management of cataract extraction and IOL implantation in pediatric patients with uveitisPediatric ophthalmologistsUveitis ophthalmologistsChi square or Fisher's exact *p* valueNumber of respondents4762--In pediatric cases with control of intraocular inflammation, the following are contraindications to IOL implantation: Chronic JIA-associated iridocyclitis5 (10.6%)4 (6.4%)0.496 Pars planitis7 (14.9%)0 (0.0%)^a^**0.003** Recurrent acute anterior uveitis10 (21.3%)7 (11.3%)0.155 Any of these three are contraindications14 (29.8)9 (14.5)**0.053**In a pediatric patient, the etiology of uveitis matters for the decision for cataract extraction with IOL insertion if the inflammation is well-controlled for three months27 (57.4%)38 (62.3%)^b^0.610Which type of IOL is best for IOL insertion after cataract removal in pediatric patients with uveitis? Hydrophobic acrylic17 (36.2%)34 (54.8%) Hydrophilic acrylic9 (19.2%)14 (22.6%) Silicone3 (6.4%)0 (0.0%) Poly methyl methacrylate (PMMA)6 (12.8%)4 (6.4%) Heparin-coated PMMA4 (8.5%)4 (6.4%) No response8 (17.0%)6 (9.7%)0.123Where should the primary IOL be placed in a pediatric patient with uveitis? Capsular bag40 (85.1%)60 (96.8%) Sulcus4 (8.5%)1 (1.6%) Uveitis is a contraindication3 (6.4%)1 (1.6%)0.087What is the pre-operative visual acuity required for cataract extraction with IOL insertion in patients \< 7 years old with uveitis? Worse than 20/4017 (37.0%)34 (55.7%) Worse than 20/8024 (52.2%)23 (37.7%) Worse than 20/2005 (10.9%)4 (6.6%) No response110.152What is the pre-operative visual acuity required for cataract extraction with IOL insertion in patients \> 7 years old with uveitis? Worse than 20/4023 (50.0%)32 (52.5%) Worse than 20/8021 (45.6%)24 (39.3%) Worse than 20/2002 (4.4%)5 (8.2%) No response110.646After cataract removal, is it more appropriate to implant the IOL simultaneously with lens removal or postpone implantation of the IOL after a period of contact lens use after lens removal? Implant simultaneously42 (89.4%)58 (93.6%) Postpone after lens removal5 (10.6%)4 (6.4%)0.496Unilateral or bilateral uveitis affects IOL implantation decision in a pediatric patient with well-controlled uveitis20 (42.6%)28 (45.2%)0.786Presence of amblyopia is a contraindication to proceed with IOL implantation in a pediatric patient with well-controlled uveitis2 (4.3%)4 (6.4%)0.697Modalities used to control inflammation perioperatively: Sub-Tenon's steroid injection32 (68.1%)44 (71.0%)0.746 Intravitreal steroid injection14 (29.8%)40 (64.5%)**0.003** Intravenous steroid16 (34.0%)37 (59.7%)**0.008** Oral steroid36 (76.6%)52 (83.9%)0.340*p* values \< 0.05 are significant and are shown in bold^a^Three people did not respond to this question^b^One person did not respond to this question

For both subspecialties, most preferred to place the primary IOL in the capsular bag rather than the sulcus (85.1% of pediatric ophthalmologists and 96.8% of uveitis ophthalmologists). There was no consensus regarding optimal IOL type after cataract removal in pediatric patients with uveitis; hydrophobic acrylic IOLs were the type of lens most commonly selected by respondents (36.2% of pediatric ophthalmologists and 54.8% of uveitis ophthalmologists).

There was no significant difference between the two subspecialties for the threshold of preoperative visual acuity required for cataract extraction in pediatric uveitic patients younger than 7 years old. Uveitis ophthalmologists and pediatric ophthalmologists also had similar thresholds of preoperative visual acuity required for cataract extraction in pediatric uveitic patients older than 7 years old.

Only small percentages of the pediatric ophthalmologists (4.3%) and uveitis ophthalmologists (6.4%) responded that the presence of amblyopia is a contraindication for proceeding with IOL implantation in a pediatric patient with well-controlled uveitis.

For perioperative adjunctive treatment, a majority of each subspecialty reported using sub-Tenon's steroid injections and oral steroids to control inflammation perioperatively. However, the subspecialties differed significantly in the use of intravenous and intravitreal steroids, with uveitis ophthalmologists being more likely to use both modalities than pediatric ophthalmologists (*p  *= 0.008 and *p * = 0.003, respectively).

Table [2](#Tab2){ref-type="table"} compares the responses of pediatric ophthalmologists and uveitis ophthalmologists who did not consider chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitis to be a contraindication for surgery. More than 90% of all subspecialists answered that ≥ 3 months was the minimum amount of time of quiescent inflammation before proceeding with cataract extraction and IOL insertion for all three types of uveitis (Table [2](#Tab2){ref-type="table"}).Table 2Responses for chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitisChronic JIA-associated iridocyclitisPars planitisRecurrent acute anterior uveitisPediatric ophthalmologistsUveitis ophthalmologistsPediatric ophthalmologistsUveitis ophthalmologistsPediatric ophthalmologistsUveitis ophthalmologistsNumber of respondents that did not consider IOL implantation to be contraindicated425840593755In a uveitic child, what is the minimum amount of time of quiescent inflammation before it is appropriate to proceed with cataract extraction with IOL insertion? \< 3 months4 (9.8%)2 (3.4%)4 (10.0%)4 (6.8%)3 (8.1%)3 (5.4%) [\>]{.ul} 3 months37 (90.2%)56 (96.6%)36 (90.0%)55 (93.2%)34 (91.9%)52 (94.6%) No response100000 Chi square or Fisher's exact *p* value0.2280.7110.682What is the minimum age at which you would consider cataract extraction with IOL insertion on a child with uveitis? \< 4 years24 (57.1%)18 (31.0%)24 (60.0%)20 (34.5%)23 (62.2%)16 (30.2%) 4--8 years14 (33.3%)29 (50.0%)13 (32.5%)25 (43.1%)12 (32.4%)24 (45.3%) 8--12 years3 (7.1%)10 (17.2%)3 (7.5%)11 (19.0%)2 (5.4%)11 (20.8%) \> 12 years1 (2.4%)1 (1.7%)0 (0.0%)2 (3.4%)0 (0.0%)2 (3.8%) No response000102 Chi square or Fisher's exact *p* value**0.0410.0460.009**In cataract surgery for a child with uveitis, should the posterior capsule be primarily opened or left untouched? Primarily opened31 (77.5%)37 (64.9%)26 (68.4%)30 (51.7%)25 (71.4%)27 (50.0%) Left untouched9 (22.5%)20 (35.1%)12 (31.6%)28 (48.3%)10 (28.6%)27 (50.0%) No response212121 Chi square or Fisher's exact *p* value0.1820.105**0.045**Should an anterior vitrectomy be performed at the time of cataract surgery in a child with now quiet uveitis? Yes29 (70.7%)28 (49.1%)25 (65.8%)26 (44.8%)24 (68.6%)18 (33.3%) No12 (29.3%)29 (50.9%)13 (34.2%)32 (55.2%)11 (31.4%)36 (66.7%) No response112121 Chi square or Fisher's exact *p* value**0.0320.0440.001**If a child with quiet uveitis was aphakic from a previous surgery and is contact lens intolerant, which is preferable? Leave aphakic11 (26.8%)9 (15.5%)8 (20.5%)8 (13.6%)8 (22.2%)9 (16.4%) Suture or scleral fixate3 (7.3%)21 (36.2%)1 (2.6%)17 (28.8%)2 (5.6%)17 (30.9%) Place a posterior chamber IOL27 (65.8%)28 (48.3%)30 (76.9%)34 (57.6%)26 (72.2%)29 (52.7%) Place an anterior chamber IOL0 (0.0%)0 (0.0%)0 (0.0%)0 (0.0%)0 (0.0%)0 (0.0%) No response101010Chi square or Fisher's exact *p* value**0.0040.0040.014***p* values \< 0.05 are significant and are shown in bold

There were significant differences between pediatric ophthalmologists and uveitis ophthalmologists with regard to the minimum age at which the respondent would consider cataract extraction with IOL insertion in a child with uveitis. Compared to uveitis ophthalmologists, more pediatric ophthalmologists responded that \< 4 years old was the minimum age for cataract extraction with IOL insertion in a child with chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitis (*p * = 0.041, *p * = 0.046, and *p  *= 0.009, respectively).

For chronic JIA-associated iridocyclitis and pars planitis, the majority of pediatric ophthalmologists and uveitis ophthalmologists responded that the posterior capsule should be primarily opened. However, for recurrent acute anterior uveitis, pediatric ophthalmologists (71.4%) were more likely than uveitis ophthalmologists (50%, *p  *= 0.045) to choose to open the posterior capsule primarily. For all three types of uveitis, pediatric ophthalmologists were more likely than uveitis ophthalmologists (*p * = 0.032, *p  *= 0.044, and *p  *= 0.001 for chronic JIA-associated iridocyclitis, pars planitis, and recurrent acute anterior uveitis, respectively) to choose to perform an anterior vitrectomy.

For the vignette of a child with quiet uveitis who was aphakic from a previous surgery and contact lens intolerant, treatment choices differed between the two subspecialties (*p  *= 0.004, *p  *= 0.004, and *p * = 0.014 for chronic JIA-associated iridocyclitis, pars planitis, and recurrent acute anterior uveitis, respectively). While both subspecialty groups preferred to place a posterior chamber IOL, pediatric ophthalmologists were more likely to choose aphakia over sulcus or scleral-fixated IOLs.

When stratified by years of practice, there were no significant differences in treatment decisions between physicians who had practiced for less than 20 years and physicians who had practiced for 20 years or more.

Discussion {#Sec4}
==========

This cross-sectional online survey demonstrated the presence of subspecialty management differences for uveitic cataracts in pediatric patients that are consistent with our hypothesis. Additionally, the results of this study help to identify current treatment decisions made by uveitis ophthalmologists and pediatric ophthalmologists for pediatric cataracts associated with uveitis. Some of these differences between the subspecialties were statistically significant while wide variations in treatment options and decisions were also seen for both subspecialties. For example, there was no consensus in either subspecialty regarding optimal IOL type after cataract removal in pediatric patients with uveitis.

In our vignettes concerning chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitis, pediatric ophthalmologists were more likely than uveitis ophthalmologists to respond that pars planitis was a contraindication for IOL implantation after cataract removal. This is interesting, since pars planitis is associated with the least risk for developing synechiae and other IOL-related complications among the three types of uveitis. When all three types of uveitis were considered, uveitis ophthalmologists were less likely to respond that any of these conditions were contraindications for IOL implantation after cataract removal. It is known that appropriate control of intraocular inflammation is an important prognostic factor for cataract surgery \[[@CR3], [@CR17]\]. Uveitis ophthalmologists may feel more comfortable when they have decided that intraocular inflammation is well controlled and it would therefore be beneficial to operate on these patients. Multiple factors need to be taken into consideration before deciding for or against IOL insertion in these patients, and additional studies would help to inform clinical decision-making.

Our survey responses indicate there is no consensus among uveitis ophthalmologists or pediatric ophthalmologists with regard to the preferred IOL material for lens implantation after cataract removal. This is interesting, as there appears to be a concern that an IOL may trigger intraocular inflammation in uveitic eyes \[[@CR17]\]. Our results are consistent with a Cochrane review which concluded that there was uncertainty regarding the optimal IOL type during uveitic cataract surgery \[[@CR18]\].

Pediatric ophthalmologists were more likely to consider a younger age for cataract extraction with IOL insertion in a child with uveitis. This may reflect a higher level of comfort of pediatric ophthalmologists with performing surgery on younger children. Alternatively, our results could indicate that uveitis ophthalmologists believe that inflammatory responses may be more difficult to manage in younger patients.

For perioperative management, both specialties commonly used sub-Tenon's steroid injections and oral steroids. However, uveitis ophthalmologists were more likely to utilize intravitreal steroid injections and intravenous steroids compared to pediatric ophthalmologists. Intravitreal steroid injections may be more frequently used by uveitis ophthalmologists in general. Intravenous intraoperative steroids may be a useful addition that can be beneficial for and easily employed in all uveitis patients undergoing intraocular surgery. Our institution typically administers intravenous Solu-Medrol 1 mg/kg to pediatric patients with uveitis who are undergoing cataract surgery.

The majority of studies conducted on pediatric uveitic cataract management have been small retrospective studies \[[@CR1], [@CR4]--[@CR8], [@CR19], [@CR20]\], which have not been sufficient to derive clear recommendations for lens implantation in pediatric patients with uveitic cataracts. However, the present study indicates that there are several clinical scenarios in which there is considerable agreement among pediatric ophthalmologists and uveitis ophthalmologists. Most of the responses indicated that a visual acuity of 20/80 would be appropriate for cataract extraction and IOL insertion in pediatric patients with uveitis, but a substantial number of surgeons would also consider eyes worse than 20/40. The vast majority of both uveitis and pediatric ophthalmologists also indicated that the presence of amblyopia was not a contraindication for proceeding with IOL implantation in a pediatric patient with well-controlled uveitis. Over 90% of all respondents also agreed that 3 months is the minimum amount of time of controlled inflammation before it is appropriate to proceed with cataract removal and IOL insertion for chronic JIA-associated iridocyclitis, pars planitis, or recurrent acute anterior uveitis. A high percentage of the responses indicated that implantation of the IOL simultaneously with lens removal is preferable to postponing IOL implantation until after lens removal. These results contrast with those obtained in a retrospective study which found that secondary IOL implantation after cataract removal in pediatric patients with chronic JIA-related uveitis had a lower incidence of secondary glaucoma \[[@CR21]\].

In the vignette concerning IOL placement location, the majority of the respondents preferred to place the primary IOL in the capsular bag rather than the sulcus. This finding contrasts with a previous study which found that ciliary sulcus fixation may reduce the risk of postoperative posterior synechiae \[[@CR9]\]. The authors of the retrospective study suggested that IOL placement in the sulcus may prevent adhesions because the IOL then serves as a barrier between the iris and lens capsule remnants. While all 12 of the patients in the study were adults, all of the eyes were thought to be at a high risk for posterior synechia due to preexisting posterior synechiae, damage to the iris visible in a preoperative slit-lamp examination, a specific diagnosis associated with posterior synechiae formation, or a combination of those factors.

Limitations of this study that may have introduced bias include a small sample size and a low response rate. Additionally, online engagement may not be representative of all practicing pediatric or uveitis ophthalmologists. Our survey was also largely distributed to physicians practicing in academia, which may make these results less generalizable to the broader field of ophthalmology.

Conclusions {#Sec5}
===========

The results of this study indicate that uveitis ophthalmologists and pediatric ophthalmologists often agree on many practices regarding pediatric uveitic cataract removal and IOL insertion. However, management differences between these subspecialties persist. The data obtained in this work suggest that it may be beneficial for these subspecialties to communicate and collaborate to improve patient care.

Electronic supplementary material
=================================

 {#Sec6}

Below is the link to the electronic supplementary material.Supplementary material 1 (DOCX 18 kb)

**Enhanced digital features**

To view enhanced digital features for this article go to 10.6084/m9.figshare.11907261.

We express our deep appreciation to the participants of this study.

Funding {#FPar2}
=======

This study was supported in part by a challenge grant from Research to Prevent Blindness, New York, NY to the University of Colorado Department of Ophthalmology. No funding or sponsorship was received for the publication of this article.

Authorship {#FPar3}
==========

All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.

Disclosures {#FPar4}
===========

Samuel Carpentier, Jennifer Jung, Jennifer Patnaik, Paula Pecen, and Alan Palestine declare that they have no conflict of interest.

Compliance with Ethics Guidelines {#FPar5}
=================================

This study was approved by the Colorado Multiple Institution Review Board (COMIRB 19-0403) and conformed to the requirements of the United States Health Insurance Portability and Privacy Act. This study conformed with the Helsinki Declaration of 1964, as revised in 2013, concerning human and animal rights, and Springer's policy concerning informed consent was followed.

Data Availability {#FPar6}
=================

The datasets analyzed during the current study are available from the corresponding author on reasonable request.
